-Th e study determined the variation in the morphological and meristic features among four populations of Clarias gariepinus Burchell, 1822 obtained from Owena Dam and River Oluwa in Ondo State and Rivers Omo and Ogbere in Ogun State, both in Nigeria. A total of ninety fi ve (95) and one hundred and twenty (120) fi sh specimens collected from Ondo and Ogun states respectively were measured using standard procedures and the results were analysed using Analysis of variance and multivariate analyses. Th e results obtained from the ANOVA and Principal Component Analyses of Clarias gariepinus from the four populations revealed heterogeneity for most of their characters. Th erefore, the morphological diff erences between the wild African catfi sh found in Ondo and Ogun state populations could be linked to genetic diff erences or environmental factors or a combination of both factors. Hence, this study concluded that the populations are diff erent which could imply high genetic diversity if molecular marker techniques are employed in further studies.
Introduction
African sharptooth catfi sh, Clarias gariepinus Burchell, 1822, is a tasty delicacy that is preferred and demanded by the populace more than some other freshwater fi shes especially in Nigeria. Teugels (1986) , Robbins et al. (1991) and Skelton (2001) among others have described and classifi ed it in the past and a lot of research works (Majolagbe et al., 2011; Majolagbe et al., 2012; Olaniyi and Omitogun, 2012; Oso et al., 2013; Ola-Oladimeji, 2015; Adewumi and Ola-Oladimeji, 2016 ) have been done on this valuable species. Nevertheless, studies on it are still ongoing because knowledge is inexhaustible. Th erefore, this study was carried out to determine if there is a signifi cant morphological heterogeneity or homogeneity among the four populations of Clarias gariepinus using analysis of variance and Principal Component Analysis.
Material and methods
The study area Th e fi sh specimens were collected from two states which are Ogun and Ondo in Nigeria. Th e two locations in Ogun State where C. gariepinus specimens were collected are Rivers Ogbere and Omo. River Ogbere has its geographical coordinates on 7°15´0˝ N and 3°52´60˝ E. It is located at an elevation of 118 meters above sea level. Th e coordinates of River Omo are between latitude 6.870919 and longitude 4.400532.
Th e two locations in Ondo State are Owena Dam and River Oluwa. Owena reservoir lies between latitude 7°15´ N, longitude 5°5´ E and latitude 7°4´ N, longitude 4°47´ E in Western Nigeria. Th e reservoir is about 300 m long and 9 m in its deepest part, with the capacity of approximately 600,000 m 3 and the catchments area controlled by the reservoir is 790 km 2 (Lasisi, 2002) . Th e reservoir was primarily constructed as a source of water supply to the people. Th e vegetation around the reservoir is constituted by Th reoboma cacao, Cola acuminate species, some forest trees, wild grasses amongst others.
River Oluwa is a large river in Ondo State, Nigeria, extending from Lat 7°2´00˝ N down to the coast at Lat 6°1´00˝ N, meandering through many towns and villages in Ilaje / Ese Odo between Long 4°31´30˝ and 5°2´00˝ E, before connecting to Lekki lagoon in the coastal belt (Omoniyi et al., 2011) .
Collection of fish samples Sixty (60) specimens of Clarias gariepinus were collected each from River Ogbere and River Omo in Ogun state using cast nets. In Ondo State, a total of ninety fi ve fi sh specimens were collected from both sites, 45 specimens were obtained from River Oluwa and 50 specimens from Owena Dam using cast nets.
Data Collection and methods Eighteen morphometric and eight meristic measurements were carried out on each fi sh specimen. Th e body parts were measured following standard anatomical reference (Teugels, 1986) . Th e specimen weights were fi rst measured using the electronic weighing balance (OHAUS® SCOUT® SE402F) before the other morphometric measurements were carried out with a thread and metre rule. Th e meristic counts were done by counting.
These are the morphometric measurements investigated on Total length (TL), Dorsal fi n length (DFL), Anal fi n length (AFL), Mouth length (ML), Snout length (SNL), Head length (HL), Pre-dorsal distance (PDD), Pre-ventral distance (PVD), Pre-pectoral distance (PPD), Width of occipital fontanelle (OFW), Distance between snout and occipital process (DSO), Body depth at anus (BDA), Distance between dorsal and caudal fi n (DDCF), Distances between occipital process and dorsal fi n (DODF),Caudal peduncle depth (CPD), Pectoral fi n length (PFL), Eye diameter (ED), Pectoral spine length (PSL).
The following are the meristic counts Number of barbells (nB), Dorsal fi n ray (DFR), Anal fi n ray (AFR), Number of spine (nS), Pectoral fi n ray (PFR), Number of gill arch (nGA), Number of gill rakers (nGR), Number of Vertebrae column (nVC).
S t a t i s t i c a l A n a l y s i s Morphometric measurements were standardized to fi sh size (SL) in accordance with REIST (1985) to alleviate errors due to allometric growth using percentage standard length as it follows: Mn = (Mo/SL) %, where Mn is the corrected size, Mo is the original measurement (total length); and SL is the standard length. Th e measurements of each of the meristic traits were not standardized because meristic characters are fi xed early in development and less susceptible to environmental variables.
Analysis of variance was carried out on the standardized morphometric measurements and the meristic counts using IBM SPSS Statistics (Version 21) to test the signifi cance of morphological diff erences among the populations. Th is was followed by multivariate analyses using Paleontological Statistics (PAST) soft ware (Hammer et al., 2006) . PCA on the morphometric and meristic data were evaluated. Population centroids with 95 % ellipses obtained from the PCA scatter diagram were used to observe relationships among populations (Turan et al., 2005; Oladimeji et al., 2015; Ola-Oladimeji et al., 2016) . PCA loadings were used to show the traits with the highest variation within the population Ola-Oladimeji et al., 2016) using the unweighted Pair Group Method with Arithmetic mean for phenogram or dendrogram grouping reported by Sneath and Sokal (1973) .
Results
As in table 1, the morphometric means of all the populations for TL, PVD, ED traits were signifi cantly diff erent from each other. Th is was also observed for PDD trait though Owena dam and River Oluwa showed some partial signifi cance. For DFL, HL, PPD, DDCF and CPD traits, R. Ogbere and Omo were signifi cantly diff erent while Owena dam and R. Oluwa were not signifi cantly diff erent. For AFL and ML, R. Ogbere and Owena dam were not signifi cantly diff erent while R. Omo and Oluwa were signifi cantly diff erent. Th is can be compared to PSL trait, of which R. Omo was observed to be signifi cantly diff erent from R. Ogbere and Owena dam while R. Oluwa had partial signifi cance with the other three rivers.
For SNL trait, R. Ogbere was signifi cantly diff erent from the other rivers. For OFW and DODF, R. Ogbere and Omo were not signifi cantly diff erent while Owena dam and R. Oluwa were diff erent. For DSO trait, R. Ogbere and Owena dam are signifi cantly diff erent but had partial signifi cance with R. Omo and Oluwa which are not signifi cantly diff erent.
For BDA and PFL traits, R. Ogbere and Omo were not signifi cantly diff erent and Owena dam and R. Oluwa were also not signifi cantly diff erent.
For the meristic means, all the populations were not signifi cantly diff erent for nB, nS and nGA traits. However, for that of DFR trait, all the populations were signifi cantly diff erent. An almost similar occurrence was observed in nVC where R. Ogbere, Omo and Owena dam were signifi cantly diff erent while R. Oluwa showed partial signifi cance with R. Univariate analysis of variance of 215 specimens in table 2 showed significant differences (p < 0.05) among the means of the four studied populations for all the 18 standardized morphometric measurements revealing great heterogeneity in the populations. Similarly, six out of the eight meristic characters studied, showed significant differences (p < 0.05) among the means of the four studied populations also revealing high level of heterogeneity among the populations while nS and nGA were non-significant.
P r i n c i p a l C o m p o n e n t A n a l y s e s o f m o r p h o m e t r i c a n d m e r i s t i c t r a i t s o f C l a r i a s g a r i e p i n u s m o r p h o m e tr i c s
The PCA scatter diagram for the morphometrics of Clarias gariepinus specimens obtained from the two states showed distinct heterogeneity because none of the traits between the two states overlapped although both rivers in each state had many characters in common ( fig. 1 ). 
M e r i s t i c s
Th e PCA scatter diagram for meristics of Clarias gariepinus from the rivers in the two states also showed heterogeneity of traits: Owena dam, Rivers Oluwa and Omo, share some similar traits while River Ogbere shared less traits with the rest (fi g. 3). For their PCA loadings, nGR was the character most responsible for variation among the four populations, as shown in fi g. 4 and table 4. 
Discussion
Fishes are predisposed to changes in the environment and acclimatize rapidly by altering the necessary morphometrics. Also, morphological characters exhibit high plasticity in response to variations in environmental conditions (Wimberger 1992) .
Results of the morphometric characterization in the present study revealed that the C. gariepinus obtained from the four populations were morphologically diff erent. Th is corresponds to the results obtained from morphometric characterization of C. gariepinus from the African waters showing interstrain morphometric variation (Teugels, 1982; Rognon et al., 1998) . In addition, Solomon et al. (2015) noted signifi cant diff erences in all the morphometric characters measured on C. gariepinus collected from the cultured and wild environments in Benue State of Nigeria. Th ese differences were also recorded in three of fi ve meristic counts made although the results of the study showed little or no variability in meristic counts compared to the morphometric characters studied. Ola- also reported morphological diff erences between C. gariepinus strains obtained from both wild and cultured populations in Ekiti State, Nigeria.
In this study, none of the morphometric traits of all the populations was similar that is no four populations had similar morphometric traits while meristic traits such as nS and nGA were similar for all the populations. Th is implies that there is variation in the four populations and the fi sh have not been interbreeding.
It was reported by Turan et al. (2005) that there were high morphological variation among six populations of Clarias gariepinus in Turkey. It was also suggested that this could result from diff erences in environmental conditions such as temperature, turbidity, food availability, and water depth. Th is agrees with Kara et al. (2011) who reported that morphological diversity among fi sh populations in diff erent habitats may not only be caused by genetic factors but also by environmental factors. Also, the multivariate analysis of variability in traits of Heterobranchus bidorsalis from three locations in Nigeria as reported by Agbebi et al. (2009) indicated that fi sh from Gboko (Benue State) was characteristically separated from those obtained from Onitsha (Anambra State) and Jos (Plateau State). It was thus concluded that Gboko strains were unique and distinct.
Variations in body form have important fi tness consequences on fi sh both in cultured and wild populations (Gatsz, 1998; Guilliet et al., 2003) . Th e fi sh from the two states also showed colour diff erences which might be caused by environmental factors. Specimens obtained from Omo were darker than Ogbere specimens. Similarly, those obtained from Oluwa were darker than those from Owena. Th is may suggest that the fi sh stock examined had made morphological variations to better fi t to their environmental conditions. Th e PCA scatter diagram for morphometrics of Clarias gariepinus specimens showed distinct variation compared to ANOVA. All the traits were clearly shown to be diff erent between the two states and some variations were shown to exist within each state. Th e PCA loadings also illustrated that variations existed in these populations and indicated the precise trait with the highest variation-PVD; which could not be produced from ANOVA. Th e PCA loadings for the meristic traits also revealed nGR as the trait with the highest variation; this gives detailed information of ANOVA result. Th e PCA scatter diagram for the meristic traits of the populations under study confi rms their heterogeneity as all the clusters were not completely fused. In addition, the meristic traits were heterogeneous and hence, not perfectly discontinuous and this agrees with Klug et al. (2011) traits, but are characterized with a fi nite range of phenotypes. Solomon et al. (2015) reported that discriminant and cluster analyses of morphometric parameters showed a high variance among the populations studied, hence the catfi sh specimens were categorized into individual environments by sex. Th e meristic counts, however, overlapped broadly showing no divergence among the populations. Also, Oladimeji et al. (2015) reported that all the clusters produced by the Principal components analysis (PCA) on the morphometric and meristic characters of T. zillii, overlapped revealing a low level of diff erentiation among the three populations studied. Although the studied populations are the same species, little or no gene fl ow had occurred among them which may be due to their locations. Th is is evidenced in the high level of heterogeneity reported in this study. Hence, the populations of Clarias gariepinus are phenotypically diff erent. To detect the diversity further, use of molecular techniques should be employed. Th is could help in conserving the genetic resources in these populations for further breeding studies.
